Objectives: to determine the prevalence of under-nutrition using brief screening methods and to determine the relation between these results and (1) those of a more standard nutritional assessment and (2) discharge outcomes. Design: prospective study. Subjects: 65 (21 males) patients older than 65 years. Setting: sub-acute care facility. Measurements: the Mini Nutritional Assessment, standard nutritional assessment, 'rapid screen' and discharge outcome. Results: the prevalence of under-nutrition was high, ranging from 35.4% to 43.1%, depending on the screening method used. Compared to the standard nutritional assessment the 'rapid screen' consisting of (1) body mass index < 22 kg/m 2 ; and/or (2) reported weight loss of > 7.5% over the previous 3 months and the two-tiered Mini Nutritional Assessment process (atrisk subjects (46% of total) further evaluated using standard nutritional assessment) had sensitivities of 78.6 and 89.5% and speciWcities of 97.3 and 87.5% respectively in diagnosing under-nutrition. Under-nourished patients as identiWed by the standard nutritional assessment (50.0% (under-nourished) versus 21.6% (nourished); P = 0.017), the two-tiered Mini Nutritional Assessment process (50.0% (under-nourished) versus 21.6% (nourished); P = 0.017) and the rapid screen (56.5% (under-nourished) versus 21.4% (nourished); P = 0.004) were more likely to be discharged to an acute hospital or an accommodation with increased support (poor discharge outcomes) than nourished patients. Conclusion: all screening methods identiWed patients more likely to have a poor discharge outcome. The highly speciWc but less sensitive 'rapid screen' may be the best method in facilities with limited resources as it can be easily incorporated into nursing/medical admissions and avoids biochemical investigations in all patients. The more sensitive two-tiered Mini Nutritional Assessment is better if resources permit.
Introduction
Malnutrition is prevalent in the elderly and is associated with impaired muscle function, decreased bone mass, immune dysfunction, anaemia, reduced cognitive functioning, prolonged hospitalisation, delayed post-operative recovery, and increased falls, morbidity and mortality [1, 2] .
In two recent Australian studies, 20% of hospitalised patients and 4.8% of community dwelling functionally dependent elderly people were malnourished as assessed by the Mini Nutritional Assessment (MNA) [2, 3] . The prevalence of under-nutrition in sub-acute care facilities in Australia is not readily known. Nutritional status often deteriorates after acute hospitalisation, due to poor recognition and monitoring of nutritional status and inadequate intake of nutrients for days at a time [4] [5] [6] [7] [8] . In one study, 40% of patients admitted to an acute hospital in Scotland were under-nourished and 75% of these under-nourished patients when reassessed upon discharge had lost weight whilst in hospital [9] . It is therefore likely that more people are under-nourished at discharge from an acute hospital to a subacute care facility than in the acute hospital or in the community as a whole.
Impaired appetite, inadequate nutrient intake and weight loss may continue for long periods following discharge from acute hospitals [10] . Therefore, at admission to a subacute care facility, there may be a 'golden opportunity' for health care providers to screen for and correct under-nutrition. However, this is not done routinely in most facilities, because of the time and need for blood tests and nutritionally trained health professionals (e.g. dietitians) to complete more comprehensive nutritional assessments.
Any screening tool adopted in a high patient load, subacute facility, would ideally be sensitive, speciWc, cheap, simple and rapid to administer. Several screening tools are available to detect under-nutrition in older people. The MNA, an easily administered, validated (in the elderly) and widely used clinical tool can be performed in 15 minutes without the need for biochemical testing or nutritional training [11, 12] . To the best of our knowledge, the results of MNA assessment have not been compared previously to those of comprehensive nutritional assessment in any Australian setting. A low body mass index (BMI) and weight loss are the two most important contributors to a low (impaired) MNA score and so a simple assessment incorporating these two variables ('rapid screen' ) could also possibly function as a quick measure of under-nutrition and predictor of subsequent worse outcome [13] .
The aim of this study was to determine the prevalence and consequences of under-nutrition among older people in a sub-acute health care facility, using different screening methods (the single and two-tiered MNA processes and the 'rapid screen' ), and compare the results to those of a more standard nutritional assessment (SNA).
Method
This study was conducted at the Hampstead Rehabilitation Centre in Adelaide, a sub-acute care facility admitting patients on discharge from surrounding acute hospitals. Consecutive patients admitted to the geriatric, medical and orthopaedic rehabilitation units were recruited and only the patient's Wrst subacute-care admission during the study period was considered. Patients admitted to this facility are assessed for their rehabilitation potential and are selected for admission if (i) they have the potential to be eventually discharged directly to their own homes, (ii) they are medically stable and (iii) they would have been discharged home from the acute care facility if not for their physical disability and need to recover. A poor discharge outcome for this sub-acute care facility was therefore deWned as a transfer to an acute hospital directly from the sub-acute care facility or discharge to accommodation with greater supports than they lived in before admission to the acute hospital (e.g. home to nursing home/hostel). All participating patients were followed up until they left the sub-acute care facility for home, hospital or other accommodation.
All patients (n = 86) aged 65 years and over, admitted to the centre between 22 October 2002 and 17 January 2003 (87 days), were invited to participate in this study. For logistical reasons, the following patients were excluded from the study: those who were unable to speak English (n =5), unable to provide informed consent (n = 4), with moderate to severe dysphasia (n = 3), on nasogastric feeds (n = 1) and amputees (n = 8). All participating patients (n = 65) provided informed consent and the study was approved by the Research Ethics Committee of the Royal Adelaide Hospital.
Nutritional assessment
All participating patients were assessed using the MNA, SNA and the rapid screen within 48 hours of admission by two investigators at separate times, in random order. One investigator always administered the SNA, the other the MNA. The patient and the investigators were initially blinded to the results of the assessments. Once all three assessments were completed, a referral to the dietitian was made based on the results of the SNA (see below).
The SNA (Table 1 ) was devised for this study based on the usual clinical practices of the trained dietitians at this facility and is similar to that used in previous studies [14, 15] . The SNA was used as the 'gold standard' comparator in this study. Food records were not included due to time and personnel constraints. The parameters and cut-off values were selected based on literature evidence and the clinical experience of the dietitians in this facility. In the Nutritional Screening Initiative, the normal BMI in the elderly was determined to be between 22 and 27 kg/m 2 and therefore a cut-off value of 22 kg/m 2 was chosen for this study to identify under-nourished patients (Table 1 ) [16] . The other cut-off values selected for the other parameters used in this study (Table 1) were based on a previous detailed nutritional Total lymphocyte count (× 10 9 /l ) > 1.5
No of risk factors:
nausea, vomiting, diarrhoea, constipation, difWculty chewing or swallowing, history of gastrointestinal disease ≤ 1 2 ≥3 % unintentional weight loss over 3 months (subjective) 0 1.0-7.5 >7.5
assessment grid used by Azad et al. as the 'gold standard' comparator to assess three different nutritional screening tools [15] . All these parameters are important markers of poor nutritional status. More than 10% weight loss from the usual weight in 6 months, or more than 5% in the month, before evaluation is said to be clinically signiWcant [17] . Serum albumin levels ≤30 g/l are associated with increased mortality [18] . A 4-fold increase in mortality has been reported with a total lymphocyte count of less than 1500/mm 3 [19] . A decrease in cholesterol levels after admission to hospital has been associated with more complications and increased length of stay [20] . The presence of symptoms such as nausea, vomiting, diarrhoea, difWculty chewing and swallowing place a patient at risk of decreased nutritional intake and have been utilised in other published studies [15, 16] . In this study, patients were classiWed as moderately to severely under-nourished if they met the cut-off values for at least three criteria in the under-nourished column (U) as shown in Table 1 . Patients with a combination of two values in the borderline (B) and one in the U columns or two in the U and one in the B columns were classiWed as mildly undernourished. Patients classiWed by the SNA as having any degree of under-nutrition (mild, moderate-severe) were referred to the dietitian for further assessment and for treatment as deemed appropriate. Those with mild undernutrition were monitored whilst those with moderatesevere under-nutrition received nutritional supplements whilst in this sub-acute care facility.
The MNA consists of four main components: (i) anthropometric measurements (weight, height and weight loss); (ii) global assessment (six questions related to lifestyle, medication and mobility); (iii) dietary assessment (eight questions related to number of meals, food and Xuid intake, and autonomy of feeding); and (iv) subjective assessment (self-perception of health and nutrition) [11] . Patients were classiWed as well nourished (N) (MNA ≥ 24), at risk of malnutrition (AR) (MNA = 17-23.5) or malnourished (M) (MNA < 17) according to the MNA score (maximum = 30). The single and two-tiered MNA results are derived from the MNA scores. In the single-tiered MNA process, subjects scoring < 24 were classiWed as under-nourished. In accordance with a previous validation study of the MNA [11] , in which the authors recommended a more in-depth assessment of the subjects at risk of malnutrition (MNA = 17-23.5) in the two-tiered MNA process, patients scoring between 17 and 23.5
were investigated by the SNA. This resulted in all 65 subjects being classiWed as under-nourished or nourished as opposed to three categories when the MNA is used alone (M, AR, N; see above).
Patients screened positive on the 'rapid screen', which was devised for use in this study, if they fulWlled one or both of the following: (1) BMI < 22 kg/m 2 ; (2) reported weight loss of > 7.5% in the preceding 3 months. As previously stated, a low BMI and weight loss are known to contribute greatly towards mortality and morbidity in older people. These cutoff values were chosen for the reasons previously described (see above, SNA).
Statistical analysis
The sensitivity and speciWcity of the single and two-tiered MNA process and the 'rapid screen' when compared to the SNA were calculated. Sensitivity was deWned as the proportion of patients found to be under-nourished by the various screening tools compared to the proportion of patients classiWed as under-nourished by the SNA. The speciWcity was deWned as the proportion of patients found to be nourished by the screening tool compared to the proportion of patients identiWed as nourished by the SNA. Chi-square analysis was used to evaluate the differences in the rate of occurrence of poor discharge outcomes between groups of subjects with different nutritional status. P values < 0.05 were considered to be statistically signiWcant.
Results
The baseline characteristics of the study population are outlined in Table 2 . Using the two-tiered MNA process, with further evaluation of the AR group using the SNA, 28 (43.1%) patients were under-nourished and 37 (56.9%) were nourished [ Table 3a ]. The single-tiered MNA process classiWed 75.4% of patients as under-nourished and 24.6% as nourished [ Table 3b ]. The 'rapid screen' classiWed 23 (35.4%) patients as under-nourished and 42 (64.6%) were nourished [ Table 3c ]. Eight (34.8%) subjects screened positive as they had a BMI < 22 kg/m 2 , nine (39.1%) patients had weight loss > 7.5% of their weight in the 3 months before evaluation and six (26.1%) fulWlled both criteria. The SNA classiWed 28 (43.1%) of the patients as under-nourished and 37 (56.9%) as nourished. Twenty were mildly under-nourished and eight were moderately-severely under-nourished. When compared to the SNA (Tables 3a and c) , the twotiered MNA process had a higher sensitivity than the rapid screen (89.5% vs 78.6%) but a lower speciWcity (87.5% vs 97.3%). The single-tiered MNA process had a high sensitivity of 92.5% but a low speciWcity of 37.8% (Table 3b) .
Under-nourished (U) patients as identiWed by the SNA (50.0% (U) vs 21.6% (N); P = 0.017), the two-tiered MNA process (50.0% ( U ) vs 21.6% ( N ); P = 0.017 ) and the rapid screen (56.5% ( U ) vs 21.4% ( N ); P = 0.004) were more likely to experience a poor discharge outcome than nourished ( N ) patients (Table 4) .
Discussion
The prevalence of under-nutrition in the patients in this subacute care facility varied according to the nutritional screening method. The SNA and the two-tiered MNA process classiWed 43.1% of patients as having some degree of under-nutrition requiring review and/or intervention by the dietitian, whilst the rapid screen identiWed 35.4% of the patients as under-nourished. These results show that there is a high prevalence of under-nutrition in this sub-acute care facility, a much higher prevalence than that seen in the community as a whole (4.8% malnourished [2] ). The results of this study are similar to previous studies in other countries, which have found that 29-33% of patients admitted to sub-acute care facilities are malnourished (score <17) when assessed by the MNA [4, 21] . The BMI has been widely utilised as a surrogate marker of under-nutrition but controversy remains as to the best lower cut-off values, especially in older people. The 1990 United States guidelines for weight found that the healthy BMI was between 21 and 27 for people aged 35 years and older but these values were biased by reverse causation and inadequate control for smoking [22, 23] . In a recently published large prospective study of 1 million adults, the lowest rates of death from all causes were found at BMIs between 23.5 and 24.9 in men and 22.0 and 23.4 in women; relative risks were not signiWcantly increased for the range of BMIs between 22.0 and 26.4 in men and 20.5 and 24.9 in women [24] . In this study, we arbitrarily selected a lower cut-off value of 22 kg/m 2 and this may need to be re-evaluated in the future when evidence based cut-off values are agreed upon.
In this study, under-nourished patients were more likely than well-nourished patients to transfer to an acute hospital directly from the sub-acute care facility or to require discharge to accommodation with increased supports. This too is consistent with the results of a larger study which found that malnourished patients scoring less than 17 on the MNA in a tertiary geriatric hospital had a 3-fold increased risk of mortality and rate of discharge to a nursing home in comparison to those who were nourished (score ≥ 24) [25] .
We cannot be sure that under-nutrition per se is the cause of the worse discharge outcomes experienced by the 'under-nourished' patients in this study. There is likely to be some contribution, at least, from frailty and co-existing medical and other conditions that do not respond to nutritional intervention. Nevertheless, nutritional intervention has been shown to decrease mortality, hospitalisations and morbidity in under-nourished people in various clinical settings [26] [27] [28] [29] . We believe the results support the need for nutritional screening of patients in sub-acute facilities and nutritional intervention in those identiWed as undernourished.
It is not possible to determine with certainty from this study the best screening tool for under-nutrition. As in previous studies, when the MNA was used with a cut-off value of 24 (single tiered MNA process; [13] ), a high proportion of patients ( 75.4%) were designated as malnourished and, while this categorisation had a high sensitivity, it had a speciWcity of 37.8% in relation to the results of the SNA (Table 3b ). Such a low speciWcity is unacceptable in our sub-acute facility, as it would result in many patients being unnecessarily referred to an over-worked part-time dietitian and maybe receiving unnecessary treatment. However, the use of the MNA in this way may be acceptable when screening for the use of interventions that are safe and cost-effective.
Both the two-tiered MNA process and rapid screen had a high rate of agreement with the results of the SNA (Tables 3a and c ). The two-tiered MNA process avoided the need to do the SNA (and hence blood sampling) in the 54% of patients who were initially classiWed as mal-(<17) or well-nourished (≥ 24) by MNA. The rapid screen test had a higher speciWcity but lower sensitivity than the two-tiered method. However, the use of the rapid screen avoided the need for biochemical investigations in all patients. It appears from the results of this study that it might be best to use the rapid screen (which can readily be included into nursing and/or medical admission procedures) if budgetary and stafWng resources are limited and there is a need to minimise unnecessary referrals for detailed nutritional assessment and interventions as in this facility. If more resources are available, the two-tiered approach, with its higher sensitivity, would appear to be the better approach as the content of the MNA can prompt and guide clinical intervention (e.g. medication review if taking more than three medications or screening for depression/cognitive impairment).
In conclusion, there is a need to systematically screen for under-nutrition in sub-acute care facilities and intervene, as the prevalence of under-nutrition is high. The choice of screening tool would be highly dependent on the stafWng resources available at individual institutions. Studies attempting to conWrm the independent predictors of poor discharge outcomes (i.e. prolonged length of stay or mortality) are required, as addressing these risk factors very early on during an admission is likely to translate into improved health and functional outcomes. Studies demonstrating effective intervention strategies that result in beneWcial health outcomes in facilities such as this should also be encouraged.
Key points
• Prevalence of under-nutrition in this sub-acute facility was high.
• Patients identiWed as being under-nourished by the SNA, two-tiered MNA process and rapid screen were more likely to be discharged to accommodation with increased support or be readmitted to an acute hospital.
• The rapid screen had a higher speciWcity but a slightly lower sensitivity than the two-tiered MNA process when compared to the SNA.
• In a facility with limited resources such as this, the 'rapid screen' was found to be more useful as it was easily incorporated into nursing or medical admissions and avoided biochemical testing in all patients. • Where resources permit, then the more sensitive twotiered MNA process may be better as the content of the MNA may prompt and guide clinical management.
